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The Use of Molecular 
Dynamics Simulations to 
Predict Thymine Dimer 
Formation in Histone 
Bound DNA 
By Emily Heinsen
(Beukers, Eker, & Lohman, 2007)
Thymine Dimers in DNA
Visualization made using Chimera
Dimers can lead to 
-Interference of DNA replication
-Apoptosis
-Cancer
(Schreier, et al., 2007)
(Skin Cancer Facts For Your State)
In order for the reaction to occur
-Distance needs to be below 3.5Å (Johnson & Wiest, 2007)
-Distance needs to be below 4.2Å (Ramamurthy & Venkatesan, 1987)
-Dihedral angle needs to be 27° ± 3° (Johnson & Wiest, 2007)
(Johnson, 2011)
(Pearlman, Holbrook, & Kim, 1986)
Dimers can increase the bending of the 
DNA molecule
-Can affect the probability of future        
thymine dimer formation
(Finch, Davis, & Rokita, 2013)
-Location of neighboring thymines around the histone can 
affect the probability of future thymine dimer formation
-Presence of a thymine dimer can increase the formation of 
subsequent thymine dimers within the DNA
Hypothesis
DNA around a Histone
Visualization made using Chimera
Molecular Dynamics
Visualizations made using Chimera
Movies made using VMD
With Dimers
System Dimensions (Å)
Number of 
atoms
Number of 
Neighboring 
Thymines
NoDimer
PDB ID: 5B24
149.78 x111.71 
x154.02 
217,910 28
Dimer
PDB ID: 3AFA
153.77 x103.14  
x152.78
204,189 24
Two systems were created
Simulations
-Amber16, NAMD, VMD, Chimera, X3DNA
-50ns simulations were run for both systems 
Analysis
Histograms were created to see 
how often the neighboring 
thymines were in the proper 
orientation
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Data for both systems taken over 50ns
-0.5
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
0 5 10 15 20 25 30
P
e
rc
e
n
ta
g
e
s
Neighboring Thymine Pair
Comparison of Percentages 3.5Å and below 
C5C5 bond
NoDimer
Dimer
-0.05
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0 5 10 15 20 25 30
P
e
rc
e
n
ta
g
e
s
Neighboring Thymine Pair
Comparison of Percentages 3.5Å  and below 
C6C6 bond
NoDimer
Dimer
(Lu & Olsen, 2003)
(Lu & Olsen, 2003)
System 
averages of 
helicoidal 
parameters 
over 50ns
Conclusion
-Our data suggests that the presence of a dimer within the system 
may lead to an increased probability of future thymine dimer 
formation
-Some trends for where there are areas of higher probability and of 
lower probability are located
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